Precordial ST-segment mapping was applied serially in the coronary care unit for the study of 46 patients with myocardial infarction (MI), using a 49-lead system. Data from the maps were compared with clinical status of patients, conventional ECGs obtained simultaneously, and serum enzyme levels. Stability of the maps over a one hour period was noted in the early phase of admission. However, a The present study reports on the results of serial precordial mapping applied in patients treated in the CCU and discusses the advantages of this modality over the conventional ECG.
DUE TO MAJOR DEVELOPMENTS of the past few years in the management of arrhythmias in patients with acute myocardial infarction (MI), current morbidity and mortality in the coronary care unit (CCU) have been almost exclusively associated with power failure. 1 Since such failure appears to be related to the degree of damage sustained by the left ventricle,2 it becomes crucial to assess the magnitude of ischemic injury as early as possible in the clinical course. In experimental studies epicardial and precordial maps have been used to detect and quantitate ischemic damage [3] [4] [5] [6] and to assess the effect of interventions on the degree of ischemic injury. 4 7, 8 These means of limiting the amount of necrosis have also been applied to patients with MI.9U-1 Such interventions require knowledge of natural course of ST deviations in patients. In a few studies ST maps were found sensitive in detecting extension or in following evolution of infarcts. However, others have expressed doubt as to the usefulness of the technique. '4 The present study reports on the results of serial precordial mapping applied in patients treated in the CCU and discusses the advantages of this modality over the conventional ECG.
Material and Methods
Forty-six patients (33 males and 13 females) age 55.3 ± 1.7 (SEM, range 31 to 79) years who were admitted to the CCU of Boston City Hospital with the presumptive clinical diagnosis of MI were studied. All patients had ST elevation in their 12-lead ECG and chest pain of over one hour's duration within the 24 hours before admission,1 except for one patient who was studied 48 hours after onset of pain. Excluded were patients with left and right bundle branch block (LBBB, RBBB), and patients who had a pacemaker implanted. All ECGs were recorded using a Hewlett-Packard 1511A electrocardiograph. A Welsh selfretaining ECG electrode (HP Part No. 9301-0122) with a contact diameter of 15 mm, attached to the "V" lead was used for precordial mapping. Studies were not done during an episode of chest pain, save for the initial ones on admission. Paper speed was 25 mm/sec and the standardization was 0.1 mV/mm. Patients were studied in the supine position following marking of a grid on the anterior chest wall, consisting of 49 recording sites, arranged in seven horizontal rows, each including seven marks ( fig. 1 ). The seven horizontal rows were designated by letters A to G and the vertical columns by numbers 1 to 7. The top right mark (Al) was made at the second intercostal space to the right of the sternum, A2 was made at the second intercostal space to the left of the sternum. A6 was placed at the same horizontal level on the anterior axillary line, A, and A4 marks were MADIAS ET AL. the ischemic damage. 12 Fourteen consecutive patients with acute anterior MI had two maps recorded 59 ± 4 (range 35 to 78) min apart (from the beginning of the first map to the end of the second map, time required for mapping was 12 to 15 min). The first map was done 6 + 1 (range 1.3 to 12) hours following onset of pain. Thirteen patients were clinically stable during the study period; nine patients had chest pain, unchanged in character between these two recordings, and the remaining four patients were free of pain. Stability of + 2 ST, blood pressures, and heart rates over this time interval is shown in table 1 . Range of differences of + 2 ST from first to second maps was -5.5 to +3.5 mm. None of the differences was significant (paired differences). One patient, who was not included in the results shown in table 1, showed a marked change of + 2 ST between the two maps (49 to 74), but severe chest pain developed in the interim. The patient's blood pressure and heart rate remained stable.
The importance of varying the recording site around the individual components of the grid was assessed in seven patients; by applying the "V" electrode one cm above, below, to the right and left of several of the 49 marks of the map, the degree of +ST in a given lead might vary by as much as 1.5 mm. Recorded +ST from individual leads ranged from 0 to 10 mm. Occasionally small -ST (0.5 to 1.0 mm) was recorded in leads of rows F and G or columns 6 and 7 ( fig. 1 ). The location of the MI was judged from the leads showing maximal +ST on both the standard ECG and the map; these showed close agreement. On the map, the central maximum area was concentrically surrounded by progressively lesser degrees of +ST as the distance of electrodes from the central areas increased.
In anteroseptal MI column number one to three or four displayed +ST. In extensive anterior or anterolateral MIs all columns frequently showed +ST 25 patients is shown in figure 3 .
Of the 25 patients, 17 suffered either an extension of MI or complicating pericarditis. The remaining eight patients constitute a group in whom natural evolution of +ST could be studied. Data obtained during mapping on these patients the initial four days and after 17. Figure 6 Comparison of plots of serial precordial maps (unfilled circles) with the simultaneously recorded standard ECG (filled circles). Extension of myocardial infarction the third day (patient on left) and the third day (patient on right) was diagnosed only by the maps. Extension on day two of the patient on the right was, however, diagnosed by both the standard ECG and the map. Closely spaced circles in the beginning of plots depict serial tracings done one hour apart. Abbreviations as in figure 5 . cluded that precordial leads were the best substitute for direct epicardial leads from the anterior surface of the ventricles. 6 It is important to confirm the stability of precordial ST maps. Continuously maintained coronary occlusion produced unchanged + 2 ST for three hours.4 16 Two maps done 15 minutes apart in a clinical study resulted in only a 5% difference in the + 2 ST.'S tability of the maps in the early phase of MI has been shown in our study. This is of great clinical importance, since therapeutic interventions are applied early in the CCU course. Since the ischemic injury, as assessed by intramyocardial electrodes, changed directly in relation to heart rate,28 and changes in blood pressure have been shown to alter + z ST,4 16 these two parameters should be frequently recorded when serial ST mapping is carried out. The ST segment is rarely horizontal so the methodology in quantitation of the ST shifts must be rigid. Bruce et al. have shown that an area 0.04 to 0.06 sec from the nadir of the S wave is the portion of the ST segment which is least affected by the QRS complex, T wave, and the Ta.'5 The same workers maintain that the T-P segment is the appropriate baseline.
It is fair to ask the question whether the +ST of precordial maps represents accurately the magnitude and extent of myocardial injury. In recent studies of simultaneously recorded epicardial and precordial leads in dogs with experimental MI, the latter produced much smaller +ST than the former. 29 Although there is a definite "muffling effect" of thoracic wall," both systems moved in parallel fashion during interventions. 29 ST segment elevation in our patients assumed patterns previously described..' 12, 13, 16 In some patients areas of -ST were noted. The nature of these minor -STs is unclear; when -STs are located opposite an injured area they are thought of being reciprocal changes.3 Using midmural leads Rakita et al.3 could not find +ST directly beneath areas displaying -ST, and CPK depletion has not been detected in areas showing -ST. 5 Maps are no longer useful for following patients with MI when pericarditis occurs; patients then maintain stable high + 1 ST for a number of days (tables 3 and 4) despite clinical and biochemical evidence of recovery. Since pericarditis cannot be differentiated by ECG from extension of injury,"3 serial enzymes and frequent auscultation are helpful in the differential diagnosis. Pericarditis is recognized far less frequently than it occurs.3' Since friction rubs are transient, other clinical parameters may be used for its identification.' Initial + T ST of our patients with subsequent pericarditis was not found to be higher than that of the patients without this complication, as observed in a study using the standard ECG. 35 We found no correlation of + Z STm`with peak enzyme values. Daily sampling does not necessarily identify the real peak enzyme value, which, even if it were available, might not accurately reflect the extent of cell death. High peak values or lower but sustained ones can be produced by similar over-all muscle necrosis.36 In addition, enzyme levels depend to some extent upon the subendocardial component of the MI, while + 2 ST`'X reflects only epicardial involvement, further attenuated at the precordium."
In uncomplicated infarct a 32% drop of + Z ST was noted in the first 24 12 It is interesting that the minor +ST noted by Reid et al. in normal volunteers were higher in men than in women, a difference which could be attributed to the differences in chest characteristics. '3 It is possible that more extension of infarction would have been detected in our series had serial mapping been continued after transfer from the The significance of precordial "reciprocal" changes, i.e., -ST, is unknown. Rakita et al., exploring the heart with an epicardial electrode,3 found no reciprocal relationship between the +ST and -ST in experimental MI. Reciprocal -ST was also found to be less stable than +ST.3 There are also theoretical problems in examining +ST over the lower precordium in inferior MI. According to Wilson's concept, epicardial leads have a "semidirect" function,6 recording primarily local underlying potentials, although they are affected by potentials of the whole heart. For anterior MI, precordial mapping may provide a reasonable approximation of closely adjacent epicardial events, but for inferior MI not only is the distance greater, but the infarcted myocardial surface is not parallel to the precordium, thus distorting the recording of injury potentials.
Despite these problems, maps have been used before for the study of fig. 7) . The superimposed +ST either nullifies or reverses the expected shift of the ST segment secondary to the block. 40 The effect of LBBB on the current of injury can be simulated by right ventricular endocardial pacing which produces LBBB-like QRS complexes ( fig. 7) . These observations may often be helpful in recognizing acute MI in the presence of bundle branch blocks or pacemakers.
Early Repolarization Maps remained unchanged in our patients with early repolarization. Since there is no specific configuration of +ST for this normal variant and peaked T waves are often seen in the early phase of MI, serial ECGs and enzymes are required to differentiate early repolarization from MI or pericarditis.4`Previous ECG tracings showing +ST and effects of exercise are also helpful in the diagnosis.4" The high prevalence of this ECG aberration in young individuals, particularly of the black race, was again confirmed.4' There was no advantage of the +ST map over the standard ECG in following patients with early repolarization.
Subendocardial Ischemia
Experimental studies have shown that -ST is associated with milder ischemia than that producing +ST.42 Although the standard ECG was adequate for diagnosis in our case, maps could be used to better characterize the magnitude and extent of subendocardial ischemia; this could have had prognostic implications, since the location of ischemia often heralds the locus of subsequent injury.4 Maps of -ST have also been utilized to follow patients with nontransmural MI. 3 Since there are no data correlating magnitude of subendocardial injury as assessed by mapping with subsequent necrosis, the validity of using maps for following patients with this type of MI is open to question. The natural course of -1 ST in patients with nontransmural MI and preinfarction angina needs further study.
